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SEMICONDUCTOR INTEGRATED CIRCUIT 
WITH SELECTED SIGNAL LINE COUPLING 

The present application claims the priority of Japanese 
Patent Application No. 2005 -004403 that Was ?led on J an. 1 l, 
2005 in the Japan Patent Of?ce, Which is incorporated in its 
entirety by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to semiconductor 

integrated circuits, and particularly relates to a recon?gurable 
semiconductor integrated circuit. 

2. Description of the Related Art 
In the ?eld of communication, a softWare-de?ned radio 

provides for most of the processing relating to the communi 
cation system to be implemented based on software, thereby 
making it possible for a single radio transceiver to cope With 
various radio communication methods using different modu 
lation schemes. Rewriting of the softWare achieves the updat 
ing of a communication method. When a neW communication 
method emerges, neW softWare is installed, thereby updating 
the device so as to cope With the neW communication method 
Without replacing the hardWare. 

In any ?elds, not limited to the ?eld of communication, the 
use of a special-purpose LSI generally makes it possible to 
implement a high performance system that can perform a 
predetermined process With loW poWer consumption. When 
there is a need to change the speci?cations to perform a 
different process, hoWever, all the designing and manufactur 
ing need to be redone. In this manner, special-purpose LSIs 
are extremely ill-suited for changing of speci?cations. 

Con?gurations that are highly suitable for the changing of 
speci?cations include a system in Which the processor 
executes softWare, and speci?cations are changed by reWiring 
the softWare. This con?guration provides extremely high 
recon?gurability. HoWever, since processors are designed to 
perform general-purpose processing and thus have high 
redundancy, their performance is rather loW. 
A technology that provides recon?gurability and yet pro 

vides hardWare-based processing includes a FPGA (?eld pro 
grammable gate array). FPGAs provide for recon?guration to 
be effected on a gate-by-gate basis by making connections 
betWeen logic elements freely recon?gurable based on the 
recon?guration data stored in memory. Since FPGAs have 
large hardWare redundancy, their siZe may be 10 times as 
large as the special-purpose LSIs (Large Scale Integrations) 
in terms of the scale of circuits, resulting in increased costs 
and poWer consumption. Compared With special-purpose 
LSIs, further, FPGAs have rather loW processing speed. 

Recently, attention has been draWn to dynamic recon?g 
urable LSIs (dynamically recon?gurable semiconductor inte 
grated circuits), Which provide recon?gurable circuits, and 
yet provide high processing performance. In dynamic recon 
?gurable LSIs, a plurality of computing units are arranged in 
an array, and buses arranged in roWs and columns connect 
these computing units With each other. Around the array of the 
computing units are provided a con?guration memory for 
storing con?guration information regarding the array of the 
computing units and a control unit for controlling the 
dynamic sWitching of con?gurations. 

In such dynamic recon?gurable LSIs, a basic unit of recon 
?guration is a computing unit, Which has a far larger granu 
larity (the siZe of the recon?gurable unit) compared With a 
single gate or the like Which is a basic unit of recon?guration 
in FPGAs. Further, the provision of the computing units in an 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
array structure makes it possible to perform parallel process 
ing, thereby enabling to perform heavy computation such as 
complex-number computation or sum-of-product computa 
tion at high speed. 

In the ?eld of a softWare-de?ned radio, the use of recon 
?gurable circuits such as FPGAs and/or dynamic recon?g 
urable LSIs makes it possible to provide various communi 
cation methods in a recon?gurable fashion. Dynamic 
recon?gurable LSIs exhibit high performance on heavy com 
putations, but have large granularity, Which creates a draW 
back in that it is dif?cult to ef?ciently achieve diligent control 
such as conditional branching based on decoded results, for 
example. On the other hand, it is easy to use FPGAs to 
implement diligent control because of their small granularity. 
FPGAs are, hoWever, not satisfactory in terms of computation 
speed. 

Accordingly, there is a need for a recon?gurable semicon 
ductor integrated circuit that can provide high performance 
both on diligent control and on heavy computation. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to provide a 
semiconductor integrated circuit that substantially obviates 
one or more problems caused by the limitations and disad 
vantages of the related art. 

Features and advantages of the present invention Will be 
presented in the description Which folloWs, and in part Will 
become apparent from the description and the accompanying 
draWings, or may be learned by practice of the invention 
according to the teachings provided in the description. 
Objects as Well as other features and advantages of the present 
invention Will be realiZed and attained by a semiconductor 
integrated circuit particularly pointed out in the speci?cation 
in such full, clear, concise, and exact terms as to enable a 
person having ordinary skill in the art to practice the inven 
tion. 

To achieve these and other advantages in accordance With 
the purpose of the invention, the invention provides a semi 
conductor integrated circuit, Which includes a recon?gurable 
circuit including a plurality of computing units intercon 
nected in a recon?gurable manner, a processing circuit 
including at least one of a ?xed logic circuit con?gured to 
perform predetermined processing and a parameter-de?ned 
special-purpose hardWare unit con?gured to change process 
ing speci?cations according to parameter settings, a netWork 
having recon?gurable connections and coupled to the recon 
?gurable circuit and to the processing circuit, and at least tWo 
interfaces each coupled to the netWork to provide external 
coupling for the netWork. 

According to additional aspect of the present invention, the 
semiconductor integrated circuit described above further 
includes, in addition to a set of the recon?gurable circuit, the 
processing circuit, and the netWork, one or more sets of 
another recon?gurable circuit, another processing circuit, and 
another netWork, Wherein the netWork of the set and the 
netWorks of the one or more sets are connected in series 

through the interfaces, and the netWorks situated at opposite 
ends of the series are connectable to an exterior of the semi 
conductor integrated circuit through the interfaces. 

According to at least one embodiment of the present inven 
tion, the semiconductor integrated circuit described above 
can easily control the processing that requires diligent control 
by use of the logic circuit, and can achieve high speed com 
putation for heavy processing such as complex-number com 
putation or sum-or-product computation by use of the recon 
?gurable circuit and the parameter-de?ned special-purpose 
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hardware unit. Further, it is possible to increase the number of 
processing sets provided in the semiconductor integrated cir 
cuit without making design changes, and it is also possible to 
increase the total number of processing sets by connecting the 
chips of the semiconductor integrated circuits together. Such 
an increase in the number of processing sets can boost total 
processing capability according to need. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and further features of the present invention 
will be apparent from the following detailed description when 
read in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a block diagram showing an example of the 
con?guration of a semiconductor integrated circuit according 
to the present invention; 

FIG. 2 is a drawing showing an example of the con?gura 
tion of a network; 

FIG. 3 is a drawing showing an example of an expanded 
con?guration obtained by connecting a plurality of semicon 
ductor integrated circuits together; 

FIG. 4 is a block diagram showing the con?guration of 
receiver functions according to IEEE802.1 la; 

FIG. 5 is a block diagram showing the con?guration of 
transmitter functions according to IEEE802.1 la; 

FIG. 6 is a block diagram showing the con?guration of 
receiver functions according to IEEE802.1 lb; 

FIG. 7 is a block diagram showing the con?guration of 
transmitter functions according to IEEE802.1 lb; 

FIG. 8 is a drawing showing the con?guration of the func 
tions of IEEE802.lla shown in FIG. 4 and FIG. 5 and the 
functions of IEEE 802.1lb shown in FIG. 6 and FIG. 7 
achieved by use of the semiconductor integrated circuit of the 
present invention; 

FIG. 9 is a block diagram showing the con?guration of a 
system that uses the semiconductor integrated circuit shown 
in FIG. 8; 

FIG. 10 is a drawing showing an example of an application 
of the semiconductor integrated circuit according to the 
present invention in which a terminal apparatus conforming 
to IEEE802.1 lg is implemented by use of the semiconductor 
integrated circuit; 

FIG. 11 is a drawing showing another example of an appli 
cation of the semiconductor integrated circuit according to 
the present invention in which a communication system per 
forming only one of transmission and reception at a time is 
implemented by use of the semiconductor integrated circuit; 

FIG. 12 is a drawing showing another example of an appli 
cation of the semiconductor integrated circuit according to 
the present invention in which a communication system per 
forming both transmission and reception at the same time is 
implemented by use of the semiconductor integrated circuit; 

FIG. 13 is a drawing showing another example of an appli 
cation of the semiconductor integrated circuit according to 
the present invention in which a terminal apparatus having a 
multi-antenna con?guration is implemented by use of the 
semiconductor integrated circuit; 

FIG. 14 is a drawing showing another example of an appli 
cation of the semiconductor integrated circuit according to 
the present invention in which parallel processing is imple 
mented by use of the semiconductor integrated circuit; and 

FIG. 15 is a drawing showing an example in which an 
expansion I/O provided in the semiconductor integrated cir 
cuit of the present invention is used to communicate with 
another device 
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4 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

In the following, embodiments of the present invention will 
be described with reference to the accompanying drawings. 

FIG. 1 is a block diagram showing an example of the 
con?guration of a semiconductor integrated circuit according 
to the present invention. A semiconductor integrated circuit 
10 of FIG. 1 includes dynamic recon?gurable circuits 11, user 
logic units 12, parameter-de?ned special-purpose hardware 
units 13, a control circuit 14, networks 15, expansion I/Os 16, 
internal I/Os 17, a bus 18, and a processor 19. 

In the con?guration shown in FIG. 1, the semiconductor 
integrated circuit 10 includes, in its chip, two processing sets, 
each of which is comprised of a dynamic recon?gurable 
circuit 11, a user logic unit 12, a parameter-de?ned special 
purpose hardware unit 13, and a network 15. The number of 
such processing sets is not limited to two, and one processing 
set or three or more processing sets may be provided in a 
single chip. When a plurality of processing sets are provided 
in a single chip, adjacent processing sets are coupled to each 
other through internal I/Os 17 as shown in FIG. 1. 
The dynamic recon?gurable circuit 11 includes a plurality 

of computing units 20 arranged in an array comprised of rows 
and columns, buses 21 extending in row and column direc 
tions to connect the computing units 20, and a setting register 
11a for storing con?guration information regarding the array 
of the computing units 20. Con?guration information is writ 
ten to the setting register 1111 by the processor 19 through the 
bus 18, thereby making it possible to cause the array of the 
computing units 20 to perform desired data processing. 
The user logic unit 12 is special-purpose hardware for 

performing a speci?c process, and includes a setting register 
12a. The user logic unit 12 may be provided with a plurality 
of hardware functions corresponding to a plurality of pro 
cesses that it performs. The processor 19 sets data in the 
setting register 1211 via the bus 18, thereby controlling the 
operating conditions and the like of the user logic unit 12. 
The parameter-de?ned special-purpose hardware unit 13 is 

speci?cally designed and manufactured for the purpose of 
performing predetermined processing. What processing it is 
that the parameter-de?ned special-purpose hardware unit 13 
performs cannot be changed, but parameters such as those for 
de?ning precision and the number of processed data items 
can be changed. Such parameter information is stored in a 
setting register 13a. The processor 19 stores these parameters 
in the setting register 1311 via the bus 18, thereby making it 
possible for the parameter-de?ned special-purpose hardware 
unit 13 to perform the predetermined operation according to 
the desired speci?cations. 
The parameter-de?ned special-purpose hardware unit 13 

may be a band-limiting ?lter, for example, and the changeable 
parameters include the ?lter coef?cients and the number of 
taps. The parameter-de?ned special-purpose hardware unit 
13 may be an FFT (Fast Fourier Transform) computing unit, 
for example, and the changeable parameters include the num 
ber of points for which the FFT computation is performed. 
The parameter-de?ned special-purpose hardware unit 13 may 
be a Viterbi decoder, for example, and the changeable param 
eters include a constraint length, a coding rate, and a genera 
tor polynomial. 
The control circuit 14 controls connections of signal lines 

of the networks 15, thereby achieving desired interconnec 
tions between the dynamic recon?gurable circuit 11, the user 
logic unit 12, and the parameter-de?ned special-purpose 
hardware unit 13 (i.e., between the processing macros). Fur 
ther, the control circuit 14 controls connections of the signal 
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lines of the network 15, thereby achieving desired intercon 
nections betWeen the adjacent processing sets. Information 
about the connections of the signal lines of the netWork 15 is 
stored in a setting register 14a. The processor 19 stores the 
information about the signal connections in the setting regis 
ter 1311 via the bus 18, thereby setting recon?gurable inter 
connections in a desired manner betWeen the processing mac 
ros provided in the semiconductor integrated circuit 10. 

The netWork 15 may be con?gured as a crossbar that can 
couple any one point on the input side to any desired point on 
the output side. With this provision, it is possible to supply 
any desired output to any desired input among the inputs and 
outputs of the processing macros connected to a netWork 15. 
The tWo adjacent netWorks 15 are connected to each other via 
the internal I/ Os 17. With this provision, it is possible to 
exchange signals betWeen the processing macros connected 
to one netWork 15 and the processing macros connected to the 
other netWork 15. 

If all the signal lines of one netWork 15 are coupled to the 
adjacent netWork 15, provision of n processing sets results in 
the number of signal lines of a netWork 15 being n times as 
many as the signal lines provided When a single processing set 
is provided. Such con?guration is no different from a con 
?guration in Which processing macros for n sets are intercon 
nected through a single netWork 15. 

In the present invention, thus, provision is made to couple 
only selected ones of the signal lines of one netWork 15 to an 
adjacent netWork 15. With this provision, the number of sig 
nal lines provided When n processing sets are provided can be 
kept to a small number that is not much different from the 
number of signal lines provided When a single processing set 
is provided. Accordingly, a desired number of processing sets 
can be provided in the semiconductor integrated circuit 10 
While avoiding an undesirable increase in the number of sig 
nal lines of the netWork. 

Further, provision is made such that the netWorks 15 can 
communicate With an exterior of the semiconductor inte 
grated circuit 10 via the tWo expansion I/Os 16. With this 
provision, it is possible to connect a desired number of semi 
conductor integrated circuits 10 each identical to the one 
shoWn in FIG. 1, thereby making it possible to readily provide 
a desired performance level according to need. The intercon 
nection betWeen chips through the expansion I/Os 16 may be 
achieved in the same manner as in the interconnections Within 
a chip via the internal I/ Os 17 by coupling only selected ones 
of the signal lines of a netWork 15 to an exterior of the chip. 

The semiconductor integrated circuit 10 having the con 
?guration as described above can easily implement the pro 
cessing that requires diligent control by use of the user logic 
units 12, and can achieve high speed computation by use of 
the dynamic recon?gurable circuits 11 and the parameter 
de?ned special-purpose hardWare units 13. Further, it is pos 
sible to increase the number of processing sets provided in the 
semiconductor integrated circuit 10 Without making design 
changes, and it is also possible to increase the total number of 
processing sets by connecting the chips of the semiconductor 
integrated circuits 10 together. Such an increase in the num 
ber of processing sets can boost total processing capability 
according to need. Further, such expandability in terms of the 
number of processing sets may provide an available compu 
tation resource in the dynamic recon?gurable circuits 11 that 
can be used to perform the processing that requires diligent 
control. 

In the con?guration that has been described above, the 
dynamic recon?gurable circuits 11 each comprised of a plu 
rality of computing units are the only units that are recon?g 
urable. Alternatively, any desired recon?gurable circuits such 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
as FPGAs may be provided in addition to or in place of the 
dynamic recon?gurable circuits 11. 

FIG. 2 is a draWing shoWing an example of the con?gura 
tion of the netWork 15. The netWork 15 shoWn in FIG. 2 
includes a signal line 31 for external expansion, signal lines 
32 for inter-set connection, signal lines 33 for intra-set con 
nection, and selectors 41 through 46. The selectors 41 through 
46 may be controlled by the control circuit 14. In the example 
of FIG. 2, one signal line 31 for external expansion, tWo signal 
lines 32 for inter-set connection, and four signal lines 33 for 
intra-set connection are provided. These numbers are not a 
limiting example. 
The signal line 31 for external expansion is coupled to an 

exterior of the semiconductor integrated circuit 10 via the 
expansion I/O 16, and receives a signal supplied from the 
exterior. The selector 41 selects one of the signal lines 32 for 
inter-set connection and the signal lines 33 for intra-set con 
nection, and couples the selected signal line to the exterior of 
the semiconductor integrated circuit 10 to transmit the signal 
to the exterior. The expansion I/O 16 includes signal drive 
buffers and the like for the interface purpose, and, in terms of 
logic, only has the function to let signals simply pass through 
as shoWn by dotted lines. 
The signal lines 32 for inter-set connection are coupled 

through the internal I/O 17 to an adjacent netWork 15 pro 
vided in the semiconductor integrated circuit 10, and receive 
signals supplied from this netWork 15. The selector 46 selects 
tWo of the signal line 31 for external expansion and the signal 
lines 33 for intra-set connection, and couples the tWo selected 
signal lines to the adjacent netWork 15 to transmit the signals 
to the adjacent netWork 15. The internal I/O 17 includes signal 
drive buffers and the like for the interface purpose, and, in 
terms of logic, only has the function to let signals simply pass 
through as shoWn by dotted lines. 
The selectors 42 through 45 are provided in one-to-one 

correspondence With the respective processing macros 30. 
The selectors 42 through 45 select one of the signal line 31 for 
external expansion, the signal lines 32 for inter-set connec 
tion, and the signal lines 33 for intra-set connection, and 
supplies the signal of the selected signal line to the corre 
sponding processing macro 30. The output of each processing 
macro is connected to a corresponding one of the signal lines 
33 for intra-set connection. This corresponding one of the 
signal lines 33 is not connected to the corresponding one of 
the selectors 42 through 45. This is because there is no need to 
supply one’s output as one’s oWn input. 
As shoWn in FIG. 2, the selector 46 is con?gured to couple 

only selected ones of the signal lines of the netWork 15 to an 
adjacent netWork 15. With this con?guration, it is possible to 
?x the number of signal lines of the netWork 15 to a prede 
termined number (7 in the example of FIG. 2) even if the 
number of processing sets is changed. This makes it possible 
to provide a desired number of processing sets in the semi 
conductor integrated circuit 10 While avoiding an increase in 
the number of signal lines of the netWork. 
By the same token, the selector 41 is con?gured to couple 

only selected ones of the signal lines of the netWork 15 to the 
exterior for the expansion purpose. With this con?guration, it 
is possible to achieve such an expansion as to include a 
desired number of processing sets by connecting a desired 
number of semiconductor integrated circuits 10 together 
While avoiding an increase in the number of signal lines of the 
netWork. 

FIG. 3 is a draWing shoWing an example of an expanded 
con?guration obtained by connecting a plurality of semicon 
ductor integrated circuits 10 together. In FIG. 3, the same 
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elements as those of FIG. 1 are referred to by the same 
numerals, and a description thereof Will be omitted. 

In FIG. 3, tWo semiconductor integrated circuits 10 are 
connected together, so that four processing sets in total are 
connected together. These four processing sets can operate 
together as a single circuit, thereby providing a performance 
level commensurate With the number of processing sets. Fur 
ther semiconductor integrated circuits 10 can be connected to 
the tWo semiconductor integrated circuits 10 shoWn in FIG. 3. 
In principle, there is no limit to the number of semiconductor 
integrated circuits 10 and to the improvement of the perfor 
mance level. 

In the folloWing, a description Will be given of an example 
of an application of the semiconductor integrated circuit 10 in 
Which a terminal apparatus conforming to both IEEE802.1 la 
and IEEE802.1 lb is implemented by use of the semiconduc 
tor integrated circuit 10 of the present invention. 

FIG. 4 is a block diagram shoWing the con?guration of 
receiver functions according to IEEE802.1 la. FIG. 5 is a 
block diagram shoWing the con?guration of transmitter func 
tions according to IEEE802.1 la. 
As shoWn in FIG. 4, the receiver functions according to 

IEEE802.lla include an ADC interface 51, a band-limiting 
?lter 52, a symbol synchronous packet detection 53, an broad 
band career frequency error detection 54, a broad-band career 
frequency compensation 55, a narroW-band career frequency 
compensation 56, an FFT WindoW 57, an FFT 58, a transmis 
sion-path estimation & compensation 59, a residual career 
sampling frequency error compensation 60, a de-map de 
interleave de-puncture 61, a Viterbi 62, a de-scramble 63, a 
MAC (Medium-Speci?c Access Control) interface 64, and a 
signal decode 65. As shoWn in FIG. 5, the transmitter func 
tions according to IEEE802.1 la include a MAC interface 70, 
a scramble convolutional coding 71, a puncture 72, an inter 
leave 73, a mapping 74, a pilot insertion 75, an IFFT (Inverse 
Fast Fourier Transform) 76, a preamble insertion 77, a ?lter 
78, and a DAC interface 79. 

IEEE802.1 la uses a frequency band of a 5 GHZ range, and 
can achieve high-speed communication of 54 Mbps at maxi 
mum by using OFDM (orthogonal frequency division multi 
plexing) as a modulation method. The IFFT and FFT portions 
shoWn in FIG. 4 and FIG. 5 serve to perform OFDM modu 
lation and OFDM demodulation, respectively. The MAC 
interfaces 64 and 70 serve to exchange signals With a host 
apparatus via MAC (media access control) controllers. The 
ADC interface 51 is an interface that receives signals from an 
ADC (analog-to-digital converter), and the DAC interface 79 
is an interface that supplies signals to a DAC (digital-to 
analog converter). 

FIG. 6 is a block diagram shoWing the con?guration of 
receiver functions according to IEEE802.1 lb. FIG. 7 is a 
block diagram shoWing the con?guration of transmitter func 
tions according to IEEE802.1 lb. 
As shoWn in FIG. 6, the receiver functions according to 

IEEE802.llb include an ADC interface 91, a band-limiting 
?lter 92, a tracking-correction/symbol-synchroniZation/ 
packet-detection/frame-synchroniZation 93, a despreading 
94, a DBPSK-DQPSK (Data Binary Phase Shift Keying 
Differential Quadrature Phase Shift Keying demodulation 95, 
a CCK (Complementary Code Keying) 96, a descramble 97, 
a signal decode 98, and a MAC interface 99.As shoWn in FIG. 
7, the transmitter functions according to IEEE802.1 lb 
include a MAC interface 100, a scramble 101, a DBPSK 
DQPSK-CCK modulation 102, a spreading 103, a band-lim 
iting ?lter 104, and a DAC interface 105. 

IEEE802.1 lb uses a frequency band of a 2.4 GHZ range, 
and can achieve communication at speed of l 1 Mbps by using 
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8 
CCK (complementary code keying) as a modulation method 
and direct-sequence spectrum spreading (DS-SS) as a trans 
mission system. The spreading 103 and despreading 94 
shoWn in FIG. 6 and FIG. 7 serve to perform direct sequence 
spectrum spreading and despreading, respectively. The 
DBPSK-DQPSK-CCK modulation 102 and DBPSK 
DQPSK demodulation 95 serve to perform modulation and 
demodulation, respectively. The MAC interfaces 99 and 100 
serve to exchange signals With a host apparatus via MAC 
(media access control) controllers. The ADC interface 91 is 
an interface that receives signals from an ADC (analog-to 
digital converter), and the DAC interface 105 is an interface 
that supplies signals to a DAC (digital-to-analog converter). 

FIG. 8 is a draWing shoWing the con?guration of the func 
tions of IEEE802.lla shoWn in FIG. 4 and FIG. 5 and the 
functions of IEEE 802.1lb shoWn in FIG. 6 and FIG. 7 
achieved by use of the semiconductor integrated circuit 10 of 
the present invention. In FIG. 8, the same elements as those of 
FIG. 1 are referred to by the same numerals, and a description 
thereof Will be omitted. 
The semiconductor integrated circuit 10 shoWn in FIG. 8 

includes a higher-order system interface 110. The higher 
order system interface 110 serves to provide an interface 
betWeen the processor 19 and a host system. The semicon 
ductor integrated circuit 10 includes a PLL (phase-locked 
loop) 111 and a frequency divider 112. These are provided for 
the purpose of generating internal clock signals used in the 
semiconductor integrated circuit 10. 
The semiconductor integrated circuit 10 of FIG. 8 includes 

three processing sets (i.e., three netWorks 15). Processing 
macros 11-1 through 11-3 are dynamic recon?gurable cir 
cuits, and processing macros 12-1 through 12-5 are user logic 
units. Further, processing macros 13-1 through 13-3 are 
parameter-de?ned special-purpose hardWare units. 

In the example shoWn in FIG. 8, the dynamic recon?g 
urable circuit 11-1 implements either the function of the 
broad-band career frequency compensation 55 shoWn in FIG. 
4 or the function of the despreading 94 shoWn in FIG. 6 in a 
recon?gurable manner depending on Which one of 
IEEE802.1 la and IEEE802.1 lb is employed. The dynamic 
recon?gurable circuit 11-2 implements the narroW-band 
career frequency compensation 56 shoWn in FIG. 4 or the 
functions of the DBPSK-DQPSK-CCK modulation 102 and 
the spreading 103 shoWn in FIG. 7 in a recon?gurable manner 
depending on Which one of IEEE802.1 la and IEEE802.1 lb is 
employed. The dynamic recon?gurable circuit 11-3 imple 
ments the functions of the transmission-path estimation & 
compensation 59 shoWn in FIG. 4 as Well as the puncture 72, 
the interleave 73, the mapping 74, and the pilot insertion 75 
shoWn in FIG. 5 or the function of the DBPSK-DQPSK 
demodulation 95 shoWn in FIG. 6 in a recon?gurable manner 
depending on Which one of IEEE802.1 la and IEEE802.1 lb is 
employed. 

Further, the user logic units 12-1 through 12-5 implement 
the tracking-correction/symbol-synchroniZation/packet-de 
tection/frame-synchronization 93, the symbol synchronous 
packet detection 53, the broad-band career frequency error 
detection 54, the residual career sampling frequency error 
compensation 60, the preamble insertion 77, the ADC inter 
faces 51 and 91, the DAC interfaces 79 and 105, etc. More 
over, the parameter-de?ned special-purpose hardWare units 
13-1 through 13-3 implement the band-limiting ?lters 52 and 
92, the FFT 58, the IFFT 76, the CCK 96, the de-map de 
interleave de-puncture 61, the Viterbi 62, the scramble con 
volutional coding 71, etc. 

In the assignment of functions as shoWn in FIG. 8, func 
tions attainable by the parameter-de?ned special-purpose 








